An immunoblotting method for C6 typing was developed. After isoelectric focusing in thin-layer polyacrylamide gel, C6 proteins were transferred passively to nitrocellulose and then detected by a two-step enzyme immunoassay. A population sample of northeastern Japanese was investigated using this method. Three common and four rare allotypes were observed. The allele frequencies estimated from 495 blood donors were as follows: C6*A 0.423, C6*B 0.510, C6"B2 0.062, and rare alleles (91, Mll, B4, and B5) 0.005. Three variants, 91, Mll, and B5, were considered to be newly found. This method could be applicable to many other protein systems.
INTRODUCTION
Genetic polymorphism of the sixth component of human complement (C6) was first described by Hobart et aL (1975) . The polymorphism has been shown to be controlled by codominant alleles at a single autosomal locus. Two predominant alleles, C6*A and C6*B, and many rare variants have been described so far (Hobart and Lachmann, 1976; Mauff et al., 1980; Ranford et al., 1982; Tokunaga et at., 1983) . The reason why such a number of variants occur at C6 locus is still unknown. The C6 system should become a valuable marker in the fields of human population genetics and forensic medicine, because of a high degree of polymorphism and a marked variation in allele frequencies among populations.
In the conventional procedure for C6 typing, C6 bands were visualized by a specific hemolytic overlay containing sensitized sheep erythrocytes and C6 deficient serum. Recently, Whitehouse and Putt (1983) described a new detection method for C6 which involves an electrophoretic transfer of proteins from an isoelectric focusing gel to a nitrocellulose sheet and an enzyme immunoassay.
In the present study, we developed an alternative immunoblotting method with a passive transfer and applied the procedure to a population study in northeastern Japanese.
MATERIALS AND METHODS
Population materh~l. ACD-plasma were obtained from 495 healthy blood donors living in Iwate Prefecture, northeastern part of Japan, and stored at -30~ for one year until used.
Isoelectrie focusing. Isoelectric focusing in thin-layer polyacrylamide gel (pH 5-8) was performed as described previously (Tokanaga et al., 1980) except that the thickness of the gel was 0.5 mm. Plasma samples of approximately 10/A were applied with rectangular pieces of filter paper onthe gel near the anode.
Transfer to nitrocellulose. The polyacrylamide gel was overlayed with 1~ agarose gel (thickness 1 ram) in phosphate buffered saline at pH 7.2 (PBS) in order to avoid sticking of nitrocellulose on the polyacrylamide gel. Then a nitrocellulose sheet (Schleicher & Schuell, West Germany), two sheets of filter paper (Whatman, 3MM, England), paper towels, a glass plate, and finally a 2 kg weight were placed on the gel.
lmmunochemical detection. After one hour, the nitrocellulose sheet was immersed in 3~ bovine serum albumin in PBS (BSA-PBS) overnight at 4~ to saturate remaining protein binding sites. The sheet was washed with 3 changes of PBS and incubated with goat anti-human C6 antiserum (Cappel, USA) diluted 1/300 in BSA-PBS for 30 rain at 37~
After five washes with PBS, the blot was incubated with peroxidase-conjugated anti-goat immunoglobulins (Dako, Denmark) diluted 1/800 in BSA-PBS for 30 rain at 37~
The nitrocellulose sheet was then washed with 5 changes of PBS and incubated with a substrate solution of o-dianisidine/H.,Oz/phosphate buffer (pH 7.3) for 30 min at room temperature. The sheet was washed with distilled water, dried, and stored in the dark.
RESULTS
The immunoblotting procedure on nitrocellulose described here gave the same C6 patterns as those obtained by hemolytic overlay method (Fig. 1) . Five common and five rare phenotypes were observed, in which seven allotypes were distinguishable. Among these allotypes, four were identified as A, B, B2, and B4, respectively, by direct comparisons with our reference samples (Tokunaga et aL, 1983) .
The remaining three altotypes were considered to be different from any variants so far reported and designated based on the terminology proposed by Mauff et al. (1980) . A basic type was designated B5, because it showed still more basic bands than B4 bands. By careful comparisons, two 'intermediate' types between A and B were confirmed to be different from other 'intermediate' types described previously (Fig. 2, a and b) . The intermediate type between M1 and M2 was designated )1111, and that very close to A was designated 9I on the suggestion by Dr. G. Mauff, KSln.
The distribution of C6 phenotype and allele frequencies in 495 healthy donors 
DISCUSSION
We previously investigated genetic polymorphism of C6 using a hemolytic overlay technique (Tokunaga et al., 1983) . In the present study, we used an immunoblotting procedure on nitrocellulose for the detection of C6 bands. The procedure has some advantages, as follows. (1) No C6 deficient serum and sensitized erythrocytes are required 9 (2) Immunoblotting gave more reliable results 9 In the hemolytic assay, the strength of bands is much influenced by the qualities of sensitized erythrocytes. (3) Only a small amount of antiserum is needed. Usually we use 20 ~1 of first antiserum and 7 fzl of second antiserum for each nitrocellulose sheet 9 (4) The passive transfer described here is simple and easy to handle 9 (5) Because the diffusion of protein bands hardly occurs on nitrocellulose, the fine resolution of polyacrylamide gel isoelectric focusing is successfully applicable 9 (6) And finally, the procedure can potentially be applied to the investigations of many other protein systems. Table 2 demonstrates the C6 allele frequencies of three Japanese populations so far studied. We previously reported in the Tokyo population that C6*B is commoner than C6*A, contrary to many other populations (Hobart and Lachmann, 1976; Kfihnl and Kreckel, 1980; Kunstmann et al., 1980; Olving et al., 1980; Ranford et al., 1982) , and that C6"B2 was the third common allele in Japanese (Tokunaga et al., 1983) . These have been confirmed by the surveys on western Japanese (Nishimukai et al., 1985) and northeastern Japanese (present study) 9 Moreover, six rare variants (A3, A21, M1, M2, B3, and B4) were observed in the Tokyo population and four (91, Mll, B4, and B5) in the present study. B3 was reported also in the western population 9 Although inheritance has been confirmed only for A3 and M1, the other rare types are also very likely to be controlled by codominant alleles for the reasons discussed previously (Tokunaga et al., 1983) . Our B3 was confirmed to be indistinguishable from the B3 in Whitehouse and Putt (1983) by the International Reference Laboratory (Dr. G. Mauff, KSln). Consequently three common and nine rare variants have been observed in Japanese, of which seven _421, 91, M1, Mll, M2, B4 , and B5) were newly described. The frequencies of three common alleles (-4, B and B2) in the Iwate population are close to those in the Tokyo population. On the other hand, there seem to be some differences in the frequencies of A, B2, and B3 between the western population and the other two populations, although the differences are statistically non-significant because of the relatively small sample size of the western Japanese.
